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Abstract 
A low-cost and non-vacuum process by solvothermal method, spin-coating route and selenization process was 
demonstrated for fabrication of Cu(In,Ga)Se2 (CIGS) thin films. Firstly, the CIGS precursor nanoparticles were 
synthesized by solvothermal method. Subsequently, the CIGS films were synthesized via spin-coating and then 
selenization process. The obtained samples were systematically characterized by X-ray diffraction (XRD), Raman 
spectroscopy (RS) and Scanning electron microscopy (SEM). The phases of the CIGS precursor nanoparticles and 
films are typical chalcopyrite structure. The CIGS film structure is little distorted and considerably improved by post-
selenization. 
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1. Introduction 
Cu(In,Ga)Se2 (CIGS) chalcopyrite compounds are promising candidates for absorber materials in thin 
film photovoltaic device on account of their adjustable band gaps, good radiation stabilities and high 
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optical absorption coefficient [1]. The CIGS thin film solar cells fabricated by sophisticated vacuum 
evaporation process have already achieved power conversion efficiency up to 20% [2]. However, several 
problems are encountered in scaling up these high-cost and complicated vacuum deposition techniques 
due to difficulties in controlling the over sequences of photovoltaic (PV) modules in large areas [3, 4].
Recently, a great amount of efforts are underway to develop low-cost and non-vacuum deposition 
techniques to fabricate CIGS solar cells via cost-effective and high-throughput procedure [5-7]. Non-
vacuum deposition methods, such as electrodeposition [8], chemical spray pyrolysis [9], direct liquid 
coating [10], and paste coating [8, 11, 12] approaches, have achieved almost complete material utilization. 
Among the numerous non-vacuum deposition techniques, the non-vacuum deposition of nanoparticulate 
precursor materials onto substrates and subsequent sintering under a chalcogen and/or reducing 
atmosphere offers an alternative method to fabricate high-efficiency CIS and CIGS solar cells [12-14]. 
Large of studies have reported about various methods to synthesize CIS and CIGS nanoparticles [15-19]. 
In particular, solvothermal method, one of simple and low-temperature synthesis methods for preparing 
nanoparticles, is easy to synthesize nanoparticles and capable for mass production [19, 20]. For example, 
Yang [17] and Li [18] et al. confirmed that chalcopyrite CIS nanopowders could be synthesized by using 
solvothermal route. Chun [19] and GU’s [20] group also reported the solvothermal method for the 
synthesis of CIGS nanoparticles according to different In/Ga concentration. However, the high quality 
CIGS films from the CIGS precursor nanoparticles via the solvothermal method are little reported. 
In this study we prepared the CIGS films by solvothermal, spin-coating and selenization process. First 
of all, we prepared CIGS precursor nanopowders suitable for the spin-coating technique by the 
solvothermal route. Then the CIGS precursor nanoparticles mixed with organic binders were deposited 
onto substrates via spin-coating. Lastly, the samples were heated to remove organic additives and then 
placed in a tubular furnace for selenization reaction. The prepared samples were characterized by the X-
ray diffraction (XRD), Raman spectroscopy and Scanning electron microscopy (SEM). 
2. Experimental 
All chemicals were used as received without further purification. CuCl2·2H2O (0.01 mol), In2Se3 
(0.0035 mol), Ga2Se3 (0.0015 mol), and Se (0.005 mol) were loaded into autoclave, which was filled 
with ethylenediamine (40 mL). The reaction temperature of autoclave was 180 ℃  for 24 h. The 
synthesized CIGS precursor nanopowders were washed several times, and then dried at 60 ℃ for 24 h. 
Then the CIGS precursor nanopowders were mixed with organic binders (a wetting agent and a dispersant) 
to tailor the rheology of the mixture for the spin-coating method. CIGS precursor layers were deposited 
on soda-lime glass substrates to form uniform film via spin-coating. The samples were immediately 
placed into a preheated furnace annealing at 350 ℃ for 3~5 min to remove the solvents and the organic 
additives. For multiple deposition films, the 350 ℃ annealing treatment was performed between each 
spin-coating deposition. Subsequently, the pretreatment film precursors were post-selenized in a single 
zone tube furnace after washing the chamber via argon for 30 min. And the selenization treatment was 
performed by using elemental selenium at 500 ℃ for 30 min in Ar gas atmorsphere. 
The crystal structure characterization of the CIGS precursor nanoparticles and CIGS films was 
identified by X-ray diffractometry (XRD) (X’ Pert Pro MPD) with Cu Kα (λ= 0.154056 nm) radiation. 
Raman spectroscopy of the samples was recorded at room-temperature by using DXR Smart Raman 
Spectrometer. The incident laser light (532 nm, 2 mW) was focused on the samples surface. The surface 
morphologies of CIGS films were observed by scanning electron microscopy (SEM) (QUANTA 200 
FEG). 
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3. Results and Disscution 
3.1 Characterization of CIGS precursor nanoparticles
XRD patterns and Raman spectra of the CIGS precursor nanoparticles synthesized by solvothermal 
method at 180℃ for 24 h are shown in Figs.1a and b. From Fig. 1a, all the detectable diffraction peaks in 
the XRD pattern can be attributed to chalcopyrite structure CIGS. The main broadening peaks, such as 
(112), (220/204) and (312/116) are assigned to the chalcopyrite structure, respectively. The broadening 
peaks observed in the XRD pattern are presumably due to not well developed crystal structure of the 
precursor nanoparticles. Raman spectra (Fig.1b) can also indicate the chalcopyrite structure of the 
precursor particles. An intense peak at 175 cm-1 is assigned to the A1 mode of the AⅠBⅢCⅥ 
chalcopyrite compounds dominated in Raman spectra [21].  
       
Fig.1. XRD pattern (a) and Raman spectra (b) of the CIGS precursor nanoparticles 
Fig. 2 shows SEM micrograph of the CIGS precursor nanoparticles prepared by the solvothermal 
method at 180 ℃ for 24 h. It is observed that particles mainly consist of anomalistic nanoparticles 
aggregate to irregular particles. From the figure, the diameters of irregular particles are from several tens 
of nanometers to few micrometers. The anomalistic nanoparticles show the diameter of tens of 
nanometers and severely aggregate together [17, 19, 20, 22].  
Fig.2. SEM micrograph of the CIGS precursor nanoparticles 
3.2 Characterization of CIGS films 
Figs.3a and b show the XRD patterns and Raman spectra of the CIGS films annealed in Se/Ar 
atmosphere at 500 ℃ for 30 min. The sample shows the sharp diffraction peaks corresponding to the 
chalcopyrite type structure. Compared with the XRD patterns of the precursor nanoparticles, the selenized 
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films show intense and sharp peaks. In addition, other small characteristic peaks of the chalcopyrite 
structure such as (101), (103), and (211) directions of the tetragonal CIGS phase are also clearly observed. 
It demonstrates that the film structure is considerably improved by post-selenization. But the peaks 
belong to CuxSe are also observed from Fig 3 (a). It indicates the formation of  little distorted structure of 
the CIGS material after post-selenization [23]. The improvement of the film structure is also confirmed 
via Raman spectroscopy (Fig.3b). The A1 mode peak of the films at 170 cm-1 is sharper and more intense 
than that of the precursor nanoparticles (Fig.2b) [21, 23, 24]. It suggests that the film structure is 
improved by post-selenization. An additional and weak shoulder peak, namely at 260 cm-1, has been 
generally related to the presence of CuxSe secondary phase [21, 23]. 
        
Fig.3. XRD pattern (a) and Raman spectra (b) of the CIGS film 
Figs.4a and b show the planar and cross-sectional SEM micrograph of CIGS films that was thermally 
processed in Selenium atmosphere at 500 ℃ for 30 min. Fig.4a shows the planar micrograph of the CIGS 
films. It can be observed that the films are composed of irregular particles reunited together after 
selenization process. Fig.4b shows the cross-sectional image of the CIGS films. And the film thickness is 
about 5 μm. However, the films are rough and interspersed with voids from the SEM images. The reason 
why the voids are in the films is because of burning the organic additives. This may be improved by 
further optimization of pretreatment approach and selenization process to get a denser and more compact 
absorber layer for CIGS thin film solar cell. 
        
Fig.4. Planar (a) and cross-sectional (b) SEM micrograph of CIGS film 
4. Conclusion 
The chalcopyrite phase CIGS films were successfully prepared by a low-cost non-vacuum process. 
The precursor nanoparticles with irregular particles show chalcopyrite structure with preferred (112) 
orientation. After spin-coating and post-selenization process using solid Se powders, the crystalline 
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structure of CIGS films is little distorted and distinctly improved. Furthermore, this low-cost method has 
provided an alternative and controlled process to fabricate CIGS absorber layers via solvothermal method 
and selenization process, which is very promising for applications in solar cells. 
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